Abstract. Because of structural features and batch job requirements in automotive manufacturing line of automotive flange fork parts, the high requirement about its parts is made in the aspect of four positioning datum hole position degrees. Therefore, it is necessary to consider special fixture when designing and processing its parts to make sure batch production, and precision measurement to ensure product quality. In the actual processing, three generations of special fixtures for processing and production use are designed to make improvement for processing and contrasting, through the process of design, trial processing, size adjustment, fixture precision measure and adjustment. Special fixture size precision adjustment is completed, through modern precision measurement equipment using three-dimensional coordinate measurement, to satisfy the parts processing quality and requirements. At present, this production technology has reference significance to a certain extent in the manufacturing process of automotive fork similar products.
Introduction
Automobile flange fork is an important part in automobile, connecting transmission and drive axle, and it need to bear high-speed transmission. Its structure and processing technology influence the performance and quality of part directly, and further affect the effect of vehicle power transmission. Its work size is the distance between the center of the end surface and the flange of two ear holes, and there are requirements of dimensional tolerances and geometric tolerances exist in four holes of end surface and two ear holes. Because of its complex processing technology and high quality requirements, the design of a reasonable fixture and the use of three-dimensional coordinate measurement of modern precision measurement equipment to complete the precise adjustment of the size of the special fixture, is of great significance to the mass production and processing quality of the product. The design of the special fixture involved in this article is mainly designed for the processing of these four ϕ15 reference holes. Figure 1 (a), (b), (c) shows the physical map and design diagram of the flanged fork parts. The material of the parts is the steel casting blank. The four holes on the top surface are the reference holes with an aperture of ϕ15mm. In the diameter of ϕ150 mm, the distribution angles are respectively 70° and 110°. The distance between two holes is 122.87 mm and 86.04 mm respectively. At the same time, there is the requirement of positional degree on the four holes. That is, the distance from the center axis of the four holes to the axis (reference) of the outer circle ϕ180 mm is a standard 75 mm, and the positional variation of the axis is within a 0.1 mm cylinder. The three sets of fixtures discussed in this paper are designed based on the requirements for machining four ϕ15 mm holes, ϕ32 mm holes, and chamfers. 
Design and Use of Special Fixtures

Physical and Design Drawings of the First Generation of Special Fixture
The first generation special fixtures for flange hole fork reference hole processing are designed by the engineering and technical personnel of the company according to the characteristics of the parts. Its structure is shown in figure 2, as a "square box type". When clamping, the fork plane is upward, and the position is as follows: the back is closely attached to the plate; the front is pushed into the clamp by the "U" shaped guide rail; the upper part is positioned by two pressure plates, and the outer clamp is clamped by the centering clamp to realize centerline of outer circle positioning. During work, the parts are pushed into the fixture "U" block through the fixture "U"-shaped guide rails, and the flanged fork parts are tightly supported by the lower top tight cylinder to enable the upper end of the flanged fork parts to be tightly fixed to the upper part of the fixture, which make the upper end face of the flange part is close to the positioning surface of the positioning block. It is aligned with the center of the special fixture, and clamped after centering. According to the assembly drawing, the specific operation is that the parts are pushed into the clamp "U" shaped top tight block through the clamp "U" shaped guide rails. Its pushing position is determined by the limit block of different parts size adjustment. After the "U"-shaped top tight block is positioned in the part, the upper end face of the flanged fork component is pressed against the positioning surface of the positioning block 68 mounted on the upper part of the clamp through the lower pressure-adjustable top tight cylinder piston rod. Considering that the contact surface of the part with the "U" shaped top tight block is the blank surface, a spherical bearing is installed between the lower part of the "U" shaped top tight block and the top of the top cylinder piston rod. Thereby a floating top of the "U" shaped top tight block is realized, ensuring that the top of the part is in complete contact with the positioning surface of the positioning block. After the position of the flanged fork component is completed, the centering clamping device with an adjustable clamping force installed in the upper part of the jig clamps the outer circle of the part under the action of the cylinder to complete the centering and clamping of the part. The centering accuracy of the centering clamp is 0.01 mm. At this time, the part clamping is completed. The first-generation fixture completes positioning and clamping by clamping the end face of the largest outer diameter (180 mm diameter) of the part, which meets the positioning requirements of the end face of the part. After a certain period of use, due to the error of the blank, the machining standard and the manufacturing standard of the blank are inconsistent, which lead to four conclusions. Firstly, the special fixture has a high requirement on the dimensional consistency of the cast blank parts. Otherwise, the positioning of the end surface and the center position of the part are unstable, which affects the machining accuracy of the part. Secondly, this can only complete the machining of part 4 × ϕ15 holes. On the other side of the part 4 × ϕ15 hole, ream ϕ32 plane and chamfer must also be equipped with a fork secondary process fixture to complete the machining. During the secondary process, the part is flipped 180° and placed on the fixture bottom plate. Through the processing of 4× ϕ15 hole and positioning pin 2 to complete the secondary positioning of the part. After the completion of the positioning of the hydraulic cylinder 3 clamping the part. After the positioning is completed, the hydraulic cylinder 3 is clamped to the parts, to complete the ream ϕ32 plane and hole angle processing of the parts (see Figure 3) ; Thirdly, because of the complex fixture structure, processing four positioning holes need two air bearing; Finally, part clamping is not convenient enough, and corresponding to different specifications of components. It is also necessary to replace the "U" shaped top tight block and adjust the position of the "U" shaped guide rail and limit block. 
Physical and Design Drawings for the Second Generation of Special Fixtures
The second-generation special fixture is a "circular pedestal type" (as shown in Figure 4 (a), (b)), and its parts are machined in the opposite position from the first-generation special fixtures. During processing, the end face of the part downward, and two ears side up. It uses a common four-jaw chuck as a fixture. The part completes the radial positioning of the part, through the two adjustable and opposing jaws of the four-jaw chuck. The four points on the other two opposing claws complete the outer circle centering of the part. The clamping force of the part is adjusted by the chuck cylinder and processed in response to different cutting forces. Parts can be machined simply by placing the fixture. Positioning the clamp in this way conforms to the outer circle centering requirements of the part. Moreover, the drilling, boring and chamfering of parts can be completed with one clamping. However, there is a flaw in the process of application. The gap created by the positioning of the part's cylindrical surface affects the part's machining accuracy. This is mainly because there is an inevitable gap in the "T" block of the four-jaw chuck jaws, which causes "turbulence" when the parts are clamped. At the same time, the jaws that complete the radial positioning of the parts still need to be adjusted according to different parts' specifications. This directly affects the production efficiency and the offset caused by centerline correction errors, resulting in unstable production quality. Therefore, a third-generation special fixture was designed and developed.
The third-generation special fixture is "open" (Figure 5 (a), (b)), and is hydraulically powered to achieve clamping. The structure is mainly composed of a base, a column, and a clamping block (plate), and the base and the column have oil paths. The base is equipped with a circular positioning plate (according to 180 mm design of the flange of the flanged part). The parts are placed in the positioning holes of the positioning plate when being clamped, and the radial positioning of the parts is accomplished by two oppositely installed positioning blocks and a top tight oil cylinder. Two oppositely installed pressure cylinders drive the pressure plate to press the end face of the flanged fork part. The sequence of actions is radial positioning first, and then pressing the flanged fork parts. Before machining, the center position of the machining center spindle and the circular positioning block needs to be adjusted to determine the coordinate origin of the machining center. Then process is made according to coordinates. During processing, the fork parts are still face down and ears side up. The drilling, boring and chamfering of parts can be completed in one clamping. As a result, accumulated errors caused by the secondary process can be avoided. The processing quality meets the design requirements of the drawings, and the production efficiency is also been greatly improved. 
The Process of Using Third-generation Special Fixtures for Automotive Flange Parts
When using ordinary machine tools to process flanged fork parts, the machining process is shown in table 1. It can be seen from the table that the lathes, milling machines, boring machines, drilling machines and other equipment have been used in the entire process [1] . The fixture is often a general purpose card board, and special fixtures are used only when drilling ϕ15 holes. In addition, drilling and reaming are performed in two steps. If the forked parts are processed in the turning and milling complex machining center, not only the use of equipment is greatly reduced, but the process is also greatly reduced. The three sets of clamps discussed in this paper are designed based on the requirements for machining four ϕ15mm holes, countersink ϕ32mm, and chamfer angles. Structural Features. The three-dimensional coordinate precision measuring machine is mainly composed of a main body (including base, worktable, column, guide rail, drive system, and measurement system), an electric control cabinet, a measuring head, a computer and control software, and a printer. It has nine features.
Firstly, the movable bridge structure is composed of three guide rails of x, y and z. The structure has good rigidity and large bearing capacity. It can complete the measurement of medium to large workpieces. It uses aerostatic guide rails, which have almost no friction (very little resistance). Lightweight and flexible, with good stability and high guiding accuracy. Secondly, with grating-type measuring system, the measurement accuracy is very high. Thirdly, the stability and vibration resistance of granite worktables are great, and they are not easily deformed; Fourthly, the positioning of workpieces is convenient. After measuring the reference edge of the workpiece, the reference hole or multiple reference points, the coordinate system of the workpiece can be determined by a humanized computer man-machine operating system; Fifth, computer operating system software can be used to measure the radius of the head, and complete a variety of geometric operations and measurement data processing; Sixth, data processing of complex surfaces and geometrical tolerances, such as straight lines, planes, circles, cylinders, cones, and spheres can be precisely measured; Seventh, "learning procedures" are used. When measuring a batch of parts, the measurement program memory may be stored first according to the measurement operation sequence of the first workpiece, and then the measurement order of the measured parts may be executed in the order of the first workpiece; Eighthly, the three-dimensional coordinate precision measuring machine is equipped with a variety of mechanical measuring heads. They are used to measure parts with different contour shapes. Finally, the measurement results are displayed on a computer screen and printed out using a printer.
Measurement Principle
The standard used by the three-dimensional coordinate precision measuring machine is a grating scale. During measurement, when the three-dimensional probe comes into contact with the workpiece, the measuring head sends a sampling pulse to the coordinate measuring machine, locks as well as saves the coordinates of the measuring point's sphere center at this time. By measuring the surface several times, the spatial coordinate equation can be obtained to determine the size and shape of the workpiece.
The Application of Three-dimensional Coordinate Precision Measuring Machine
The three-dimensional coordinate precision measuring machine (see figure 5(a) ) is an efficient and novel precision measuring instrument. It is widely used in machinery manufacturing, instrument manufacturing, electronics industry, aviation industry and other fields. The three-dimensional coordinate precision measuring machine can be used to measure the linear coordinates, plane coordinates, and spatial three-dimensional dimensions. It can also measure the diameter of the sphere, the coordinates of the sphere center, the contour of the curve and the surface, the relationship between various angles, and the geometrical and positional errors of the complex parts, such as cams and blades. The three-dimensional coordinate precision measuring machine has high measuring accuracy, high speed, and powerful software functions. It is an indispensable high-precision measurement instrument for the measurement industry. Figure 6 . Three-dimensional coordinate precision measuring machine and detecting the fork parts.
Results of Three-dimensional Coordinate Precision Measurement
This special fixture has higher requirements for the consistency of the outer circle dimensions of flanged fork parts. First of all, in order to allow the flanged fork parts to be smoothly placed into the positioning holes of the special jig positioning plate, the outer diameter of the flanged fork parts and the size of the positioning holes of the positioning plate need to maintain a gap of 0.02-0.05 mm in design. This gap will inevitably cause the deviation of the center of the part and the positioning hole of the positioning plate, and the larger the gap, the larger the deviation. Moreover, in order to ensure that the position of the flanged fork parts can meet the requirements of the drawing design, accurate and comprehensive analysis of the origin of the offset machining center coordinates should be performed based on the dimensions of the outer parts of the flanges. Therefore, a three-dimensional coordinate precision measuring machine is used to solve the above-mentioned actual production problems. The three-dimensional coordinate precision measuring machine for detecting the fork parts is shown in Figure 6(b) , and the measuring trajectory of the measuring head is shown in Figure 6 (c). The detection results of the fork by the three-dimensional coordinate precision measuring machine are shown in table 2. A screenshot of the 3D coordinate precision measuring machine for detecting the output of the flanged fork part system is shown in Figure 7 . Figure 7 . Screenshot of the system output test report for the detection of the fork part by a three-dimensional coordinate precision measuring machine.
Analysis and Discussion of Results
In the process of designing and trialing, the special fixture for the automotive flanged fork uses the three-dimensional coordinate precision measuring machine to detect the position degree and the machining accuracy of the four positioning holes. Because the measurement element is located on the end surface, as well as the two ears are rounded, and it is not easy to ensure that the upper end surface and the working surface of the three-dimensional coordinate precision measuring machine are parallel when placed. Therefore, the fork can be positioned by the electromagnetic sucker, and then the measuring machine can be used to measure the needle, measure points for marking and leveling. Measure points for marking are usually found at the opposite corners, that is, points 1, 3 or 2, 4 in Figure 6 (c). Only by ensuring that the two digits behind the decimal point of the z coordinate of the height direction are the same, can the measurement be performed to ensure the reliability of the measurement accuracy. At the same time, the measured four holes and outer circle are all projected on the top surface (machined surface) to determine the size. The measurement parameters include four holes and outer diameter, adjacent hole distance, diagonal hole distance, distance between center of hole and center of outer circle. From the batch of parts, sample 10, 11, 12 three automotive fork parts are randomly chosen for testing. Test items and their data are shown in table 2. Their column analysis charts are shown in Figure 8 (a), (b), (c). These parameters are mainly used for mapping analysis. The position of 4×ϕ15 holes is drawn through the adjacent hole pitch, and the center of the 4×ϕ15 hole, and the distance between the center of the hole as well as the center of the outer circle are drawn to determine the actual center of the outer circle of the part ϕ180 mm ( Figure  6(c) ). In this way, the offset dimension of the center point of the machining center to the center of the positioning hole of the positioning plate is determined, so as to ensure that the position of the part reaches the accuracy requirement. By measuring the processing dimensions of the part, it is finally determined that the positioning hole size of the part positioning plate is ϕ180 +0.02 in diameter. After processing and testing, the outer diameter of the part is controlled within the tolerance of the diameter ϕ180 0 -0.03, which can reach the design and use requirements of the position of the part 4×ϕ15 hole 0.1 mm. 
Conclusion
The third generation special fixture of the fork is used in production, and the product meets the design requirements and usage requirements of the drawings. With high production efficiency and stable quality inspection results, it has been recognized by producers and users.
